Abstract Manufacturing diamond wheels on various bonds is a relatively high-cost process, requiring high labour and high consumption of expensive diamond grains but yielding relatively low productivity. With better knowledge of the various factors involved in the sintering process, the most efficient combinations can be found, leading to higher productivity. Currently, there are no scientifically based recommendations for the choice of the rational combinations of strength, brand of grain, graininess and concentration with the physical-mechanical properties of bonds. The aim of this research is the development of a technique for the theoretical definition of an optimal combination of strength properties of diamond grains and bond to provide maximum retention of diamond grain integrity during the process of diamond wheel manufacture. This is investigated using 3D simulations of the deflected mode of the sintering area of the wheel's diamondbearing layer.
Introduction
The manufacture of diamond wheels on various bonds is characterised by high labour and low productivity as well as the high consumption of expensive diamond grains. As a consequence, the additional operational processes of diamond wheels require high cost. It is necessary to attain reliability and improve the quality of diamond-abrasive tool manufacture, since its effective application in production is not possible. The production of diamond-abrasive tools is founded on the establishment of physical and technological regularities of the sintering process of the diamond-bearing layer. Modern trends in the creation of science-intensive products are characterised by the dramatic widening of applied mathematics, in many respects connected with the creation and development of computer aids [1] [2] [3] [4] [5] . Currently, there are no scientifically based recommendations for the choice of rational combinations of strength, brand of grain, graininess and concentration with the physical-mechanical properties of bonds. In worldwide practice, one can see the tendency of transition from 2D to 3D computerised simulation to match the advancement in computational power [6] [7] [8] [9] . While guidelines are available in the literature concerning the application of some combinations of brands of bond and diamond grain, their concentration in grinding wheels on various bonds are of the common character and following these recommendations leads to the fracture of diamond grains during the sintering process and thus low productivity of abrasive processing [10, 11] .
Research objective
An analysis of recently published research has shown that the problem of increasing the effectiveness of diamond grinding is still topical and that modern methods of mathematical simulation can yield significant results. According to Loladze, during the operation phase of a diamond-abrasive tool, the coefficient of effective utilization of diamond grains does not exceed 5-10%, other grains fail as early as the fabrication stage or fall out during wheel running, see Ref [1] . Therefore, at the initial stage of manufacture of the diamond wheel on various bonds, it is important to define the optimal technological parameters of its manufacture, namely pressure, temperature and sintering time at which integrity retention of diamond grains will be provided. At the next stage of operation of sintered wheels, it is necessary to consider and study the factors that diminish the productivity of diamond-grinding process, so that in the future, their effect can be diminished and a high utilization factor of diamond grains can be achieved. The purpose of the present work is the development of a technique for the theoretical definition of an optimal combination of strength properties of diamond grains and bond, in which retention of diamond grain integrity during the process of manufacturing diamond wheels is ensured by using 3D simulations of the deflected mode of the sintering area of its diamond-bearing layer.
Simulation
The solution of the problems is based on usage of the software packages COSMOS, ANSYS, NASTRAN, intended for test and evaluation calculations by FEM. As applied to simulation of DCM sintering processes and research of machining area, these packages (in a universal complete set) allow to decide the following classes of the problems: definition of displacement, strains and stress (DM) in system "diamond grains-bond-material to be machined" at static effects (linear statics); definition of DM of system with use of non-linear models (physical, geometrical nonlinearity); DM at contact of deformed solids; DM in system components if cracks are present; analysis of frequencies and mode shapes of self-oscillations of construction; dynamic Fourier analysis and random response-estimation of system behaviour at external polyharmonic or random effect; dynamic transientscalculation of system behaviour in time under condition of non-steady external loading; analysis of fatigue failure of system components; analysis of stationary and transient hydrodynamics; stationary and transient non-linear thermal processes-definition of distribution of heat flows, analysis of temperature fields and strains; definition of responsiveness of outcomes of all aspects of the analysis in respect to changing properties of system components; the multicriteria optimization with use of various type limitations simultaneously, with a capability to control the process flow by the user; adaptive analysis of stress.
The sintering process of diamond-bearing layer of grinding wheels has been studied by means of 3D simulation of this process. The mathematical model "bond-grain-metal phase" was considered, taking into account the influence of components of this system on its deflected mode during sintering process. The influence of the properties of metal phase (metal-catalyst) and the percentage of change of internal equivalent stress in diamond grain has been studied. Thus, the process was modelled for several brands of diamond grains, and the b) a) Diamond grain Metal phase Fig. 1 Computational model (a) and 3D model of system "diamond grain-metal phase" (b) Fig. 2 Generated finite-element mesh in 3D model
